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Assembly for Use in Underground Mining 



5 Field of the Invention 

The invention relates to an assembly comprising an electro- 
hydraulic component for use in underground mining, especially for use in an 
underground self-advancing roof support system. The assembly may also 
include actuators and/or sensors, which can be, or are, in communication with 
10 a control unit via a data-transmission system. The actuators may be activated 
at the hydraulic component to provide one or more functions. The sensors 
may be utilized to measure one or more variables, such as hydraulic states, 
related to the self-advancing roof support system. 

15 Background of the Invention 

Various hydraulic assemblies are used in underground mining, 
such as electro-hydraulic valve blocks or strips for controlling the hydraulic 
functions of shields used in underground longwall mining. In this case, each 
valve strip is provided with a plurality of hydraulic control valves and each 

20 control valve can be controlled by use of an actuator mounted on the valve 
strip specifically for this purpose. In underground mining, it is typical to use 
actuators which are identical in structure and appearance on the valve strips 
of all shields so that, in the case of a fault of one of the actuators for instance, 
that faulty actuator can be replaced by any other actuator. When replacing 

25 one actuator or when one or more control valves are replaced, the miner must 
ensure that the correct actuator is always assigned to each control valve. The 
valve strips of underground shields therefore present a potential risk of 
assembly and connection faults that are attributable to operator error. The 
same also applies to the sensors associated with underground shields. Such 

30 sensors typically measure for instance, the position of individual canopy bars 
or lifting props, or measure the hydraulic pressure in the cylinders or props 
forming the hydraulic components of the shield. 

It is an objective of the invention to provide an assembly of 
hydraulic components which may include actuators and/or sensors for 

35 underground mining, in which the aforementioned risks associated with 
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personnel-related connection faults is reduced or eliminated. 



Summary of the Invention 

In a first aspect, the present invention provides an assembly 
adapted for use in mining operations and particularly in an underground self- 
advancing roof support system. The assembly comprises a hydraulic 
component which may. for example, be in the form of a hydraulic valve strip or 
valve block. The assembly also comprises a collection of actuators and/or 
sensors. Each actuator and/or sensor preferably has a housing and is 
adapted for communication with a control unit via a data transmission system. 
Each actuator is configured to actuate a respective function of the hydraulic 
component. If one or more sensors are utilized, each sensor is configured to 
measure the hydraulic state of a respective variable of the hydraulic 
component or another measurable variable associated with the self-advancing 
roof support system. The assembly also comprises a collection of reader 
units. Each of the reader units is associated with a corresponding actuator or 
sensor. And, each reader unit is disposed proximate a corresponding 
actuator or sensor. The assembly also comprises a collection of information 
elements. Each information element is associated with a particular function or 
measuring point of the hydraulic component. Infonnation in each information 
element is readable by a corresponding reader unit and transmittable to the 
control unit. 

In another aspect, the present invention provides an electro- 
hydraulic assembly particularly adapted for use with an underground self- 
advancing roof support as utilized in mining operations. The assembly 
comprises a valve body defining a collection of recesses adapted for receiving 
and retaining hydraulic valves. The assembly also comprises a collection of 
hydraulic valves, each of the valves being disposed in a respective recess 
defined in the valve body. The assembly further comprises a collection of 
actuators, wherein each of the actuators is in operable engagement with a 
respective valve of the collection of valves. And, the assembly comprises a 
collection of information elements. Each of the information elements is 
disposed proximate to a respective valve and is adapted to identify that valve. 
The assembly further comprises a collection of reader units. Each unit is in 
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communication with a respective information element and adapted to transmit 
information concerning the identity of the respective valve by the information 
element. 

In yet another aspect, the present invention provides an electro- 
5 hydraulic assembly for use with an underground self-advancing support for 
mining. The assembly comprises a hydraulic body that defines a first set of 
recesses and a second set of recesses. The assembly also comprises at 
least one hydraulic control valve disposed in one of the first set of recesses of 
the hydraulic body. The assembly also includes at least one actuator 
10 configured to actuate the at least one hydraulic control valve. The assembly 
further comprises at least one information element disposed in one of the 
second set of recesses. The information element is configured to provide 
information as to the identity of the valve disposed in the hydraulic body. And, 
the assembly comprises at least one reader unit in communication with the 
15 information element and adapted to transmit information as to the identity of 
the valve disposed in the hydraulic body. 

Brief Description of the Drawings 

Further advantages and developments of the aspects of the 
20 invention will become apparent from the following description of preferred 
embodiments shown schematically in the drawings, which are as follows: 

Fig. 1 schematically represents a preferred embodiment system 
according to the invention including an electro-hydraulic valve block, a 
collection of valves, actuators, a control unit, and a data-transmission system. 
25 Fig. 2 schematically represents a preferred embodiment sealed 

transponder and sealed reader unit. 

Fig. 3 schematically represents the components of a preferred 
embodiment actuator module having a piezo element and reader unit as well 
as a transponder on the valve block. 

30 

Detailed Description of the Preferred Embodiments 

The present invention provides an electro-hydraulic assembly 
including a hydraulic valve assembly or block which utilizes various actuators 
and/or sensors, a reader unit associated with each actuator and/or sensor in 
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the assembly, and corresponding information elements associated with 
hydraulic component(s) of the assembly. The infomiation provided by the 
information element is read or sensed by the reader unit and transmitted to a 
control unit. The present invention ensures that the control unit is updated at 

5 all times as to which actuator is performing a specific function concerning a 
hydraulic component of the hydraulic assembly. When, for example, the 
hydraulic component includes a plurality of control valves, each of which 
corresponds to a specific function of the electro-hydraulically controlled shield, 
a mix-up between two actuators will be detected by the control unit and, in 

10 order to obtain a specific function, the control unit will activate the correct 
actuator to achieve the desired function despite the mix-up between 
actuators. Therefore, the invention can provide for an automatic coding and 
identification of all the control valves, and/or the sensors, associated with a 
roof support shield. That is, the control unit can associate each actuator with 

15 a corresponding control valve, or associate each sensor with the variable it is 
configured to measure. The assembly or system according to the present 
invention can utilize actuators, or sensors or both actuators and sensors. 

In a preferred embodiment, the reader units comprise a 
transmitting module and a receiving module and/or are adapted for 

20 transmitting and receiving. The information element is preferably a transmitter 
or transponder, and preferably a microchip or a transponder chip with 
integrated EEPROM. In a particularly preferred embodiment, the information 
element, especially if it is a transmitter or transponder, is read inductively and 
without contact and the reader units are designed for transmitting and/or 

25 receiving electromagnetic waves. Furthermore, the transmitter or transponder 
or the respective microchip or transponder chip is preferably provided with an 
integrated receiving coil, and the transmitting module and/or the receiving 
module preferably takes the form of, or comprises, a coil. The reader unit is 
preferably coupled with an electronic circuit, which may include a 

30 microcontroller. It is particularly advantageous if the electronic circuit includes 
control electronics and evaluating electronics for the reader unit. Additionally, 
it is particularly advantageous if the actuator can also be controlled by the 
microcontroller based upon information obtained from the reader units and/or 
information elements. 



-5- 

The reader unit can be mounted, screwed, glued or otherwise 
secured to the actuator, valve block, housing, or other component. In a 
preferred embodiment, the reader unit is sealed in casting compound and/or 
inserted in a receiving recess in or on the actuator. The information element 
5 can be mounted, screwed, glued or othenA/lse attached at the measuring point 
or on the component for each controllable function. In a preferred 
embodiment, the information element is inserted into a receiving recess in the 
hydraulic component of the hydraulic assembly and sealed with casting 
compound. As previously noted, the hydraulic assembly preferably includes a 

10 valve strip or a valve block having a plurality of holes or recesses for receiving 
hydraulic switching valves, and information elements, in which data is stored, 
associated with each receiving hole. The data associated with a particular 
information element is distinguishable from information associated with other 
information elements. The data-transmission system preferably involves a 

15 BUS. which may be a CAN BUS. 

Represented schematically in the block wiring diagram shown in 
Fig. 1 is an electro-hydraulic control system associated with a support shield - 
not shown in further detail - for a typical underground self-advancing roof 
support system. The electro-hydraulic control system comprises a hydraulic 
20 valve block 1 , which in this case is fitted with a total of eight control valves 2. 
each of which is seated in its appropriate receiving hole and can activate a 
different function associated with the roof support shield, such as for example 
extending a canopy bar of the shield, setting or withdrawing the shield, 
advancing the conveyor or shield, or the like. The individual control valves 2 
25 are preferably identical with one another and arranged in groups, in this case 
side by side, in the valve block 1. The hydraulic side is not represented. An 
actuator 3 is associated with each control valve 2. the actuator being disposed 
for example on the outside of the valve block 1 and being screwed together 
with the block. Each actuator 3 includes a housing 4, in which an 
electromagnet, which is not represented, or a piezo element including the 
appropriate components for triggering a switching movement of the control 
valve are disposed. The individual actuators 3 for each control valve 2 are 
preferably identical with one another and all the actuators 3 are connected via 
the BUS 5 to an electronic control unit 6 as well as to a power supply. 



30 
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preferably an intrinsically safe direct-current source, which is not shown in 
detail. The control unit 6 is preferably configured to provide an output signal 
in response to one or more input signals. Furthermore, another two sensors 
7, 8 are connected to the BUS 5, which can for example be a CAN BUS. the 
5 measuring signals of the sensors 7, 8 being transmittable via the BUS 5 to the 
control unit 6. The hydraulic states associated with the two schematically 
represented hydraulic lifting props 9, 11 can be measured by means of the 
sensors 7, 8. The configuration of the control system for an electro-hydraulic 
roof-support is generally known in principle from the prior art. 

10 Now according to the invention, an information element 12 is 

associated with each control valve 2 in the valve block 1, the individual 
information elements 12 being different from one another in regards to the 
stored data. Stored on each information element 12 is an item of information 
which enables clear identification of the information element 12 by the control 

15 unit 6. In this respect, information is registered in the data memory of the 
control unit 6 as to which information element 12 corresponds to which 
position on the valve block 1 and consequently, which function in respect of 
the shield is controlled when the associated control valve 2 is activated. 
Preferably, the data on the information elements 12 can be read inductively 

20 and without contact. A reader unit 20 is provided in the housing 4 of each 
actuator 3 for this purpose. The reader unit 20 includes a coil for generating a 
magnetic field and for the inductive reading of the data on the information 
element 12. By reading the noted information and transmission of this 
information via the BUS 5 to the control unit 6, it is made known to the latter 

25 which actuator 3 is presently associated with which control valve 2 and 
whether the actuator 3 is available. 

Also associated with each of the two measuring points 
associated with the sensors 7, 8 on the cylinders 9, 11 is an information 
element 13 which can be read by means of an associated reader unit 30 fixed 

30 in each case to the housing 14 of the sensors 7, 8. As a result, the 
measuring point from which the measuring signals, transmitted from the 
sensors 7 and 8 respectively, originate is also made known to the control unit 
6. 

Fig. 2 shows schematically a portion of a valve block 1 with a 
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receiving recess 15, in which a transponder 16 is inserted as an information 
element and Is sealed in casting compound 17. As a result, the transponder 
16 is protected from the adverse effects of dust and dampness in 
underground mining operations. The transponder is provided with a read-only 
5 memory (EEPROM). Disposed in the housing 4 of an actuator 3 (Fig. 1), as 
schematically represented, is a reader unit, marked as a whole with the 
reference number 20, which is also sealed in casting compound 21. The 
reader unit 20 includes a coil 22, which is disposed in the housing 4 in such a 
way that, in the assembled state of the actuator 3 on the valve block 1, as far 

10 as possible it lies directly opposite the recess 15 for receiving the transponder 
16. The coil 22 is connected to an electronic circuit 23, which can include 
control electronics and evaluating electronics. 

With reference to Fig. 3, by way of example the invention is 
again discussed for a piezoelectric actuator. The components which are the 

15 same as those in the previous examples are provided with the same 
reference numbers. Disposed in the valve block 1 is a hydraulic control valve 
2 which is controlled by the actuator 3. An inductively readable transponder 
16, sealed in casting compound, is disposed in a receiving recess 15 in the 
valve block 1 . Disposed in the housing 4 of the actuator 3 in a position lying 

20 opposite the transponder 16 is the coil 22 of a reader unit 20, by which the 
data on the transponder 16 can be inductively read. Also disposed in the 
actuator housing 4 are a microcontroller 24, a power pack 25 and a digital 
interface 26, e.g. an RS 485. As indicated by the arrow 27, the power pack 
25 in the housing 4 is supplied with electric energy via the BUS - not shown 

25 here - which is connected to the plug-in module 28. The control signals of the 
control unit, which are not shown here, can be transmitted to the 
microcontroller 24 in the housing 4 and the data of the microcontroller 24 can 
be transmitted back to the control unit via the digital interface 26 and the BUS. 
The microcontroller 24 switches the reader unit 20 for reading the data on the 

30 transponder 16, and the electromagnetically read-out data are transmitted to 
the microcontroller 24 as indicated by the arrow 31. The microcontroller 24 
simultaneously controls a piezo amplifier 40, by way of which a piezo-ceramic 
element 41 can be activated for switching the control valve 2. As 
schematically indicated, a path conversion 42 is provided between the piezo- 
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ceramic element 41 and the control valve 2 to achieve adequate travel with 
the piezo-ceramic element 41 . 

Numerous modifications will be apparent to a person skilled in 
the art and fall within the protective scope of the claims. A plurality of 
5 actuators with one or more associated reader units can also be disposed in 
one or more housings. Distances or positions can also be measured by 
means of the sensors. The transponders can be read at intervals using a 
manual control command or the like after each restarting of the system and 
after each replacement of an actuator. 



